Introduction
For hemodialysis of patients with renal failure, vascular access is needed. This is mainly achieved with a central venous catheter or by creation of an arteriovenous shunt. Best results for the latter in terms of functional duration and complication rates (infections, thrombosis) are gained by using autologous veins [1, 2] . In the absence of a suitable vein, various homologous, heterologous or prosthetic grafts are used [3] . At our institution, mainly expanded polytetrafluoroethylene (ePTFE) prostheses have been implanted for more than 15 years. Stenosis and thrombosis are frequent but can be corrected in the majority of cases by surgical thrombectomy and/or transluminal venous angioplasty [4, 5] . The most serious factor is bacterial infection, which is associated with high morbidity and mortality [6] [7] [8] [9] . Gram-positive bacteria are the main cause of prosthetic shunt graft infections and Staphylococcus aureus is reported to be present in 60 % [10] of cases. Major complications (e.g. death or septic embolization to bones, joints, endocardium and brain) are found in 12 % of infected grafts [10] . Many microorganisms can switch from a free-living state to a sessile mode of life, forming a biofilm on surfaces [11] . The biofilm is a polymer matrix consisting of polysaccharides, proteins and
The German version of this article can be found under doi:10.1007/s00772-016-0133-y DNA, which embeds the bacteria. This environment shows increased tolerance to antibiotics and resistance to phagocytosis and other components of the body's defence system [12] . Shunt graft infections are therefore difficult to treat and so far, complete shunt graft explantation as early as possible is the treatment of choice.
In January 2014 we performed an internal audit on prosthetic shunt graft infections carried out between December 1998 and December 2013 and found a 10.8 % explantation rate due to infection. In 74.3 % of cases S. aureus was involved. Serious concern arose about the question whether there was a nosocomial problem. We decided to perform a detailed assessment and to include genetic techniques for upcoming shunt graft infections. All patients received a single shot of antibiotic prophylaxis and in most cases vancomycin 1 g was administered 30 min prior to skin incision. Of the prostheses 14.0 % (61/436) had to be explanted for several reasons: three for shunt aneurysms, two for large hematomas, one after renal transplantation and one for acute rupture. The remaining 54 shunt grafts were explanted due to infection. Nearly half of the infections developed in the first year (. Fig. 1 ) but explantation was even peformed 8, 10 and 14 years after surgery with shunt grafts that had not been used for years. In 61.1 % (33/54) of cases, monobacterial cultures could be found (. Table 1 ) and in 13.0 % (7/54) 2 different bacteria were detected. In 3.7 % (2/54), 4 different bacteria were identified and in 22.2 % Abstract Introduction. In January 2014 an internal audit was performed at the department of surgery, division of vascular surgery of the Medical University Graz, Austria, to assess the short and long-term outcomes of prosthetic shunt graft implantations performed between December 1998 and December 2013. A 10.8 % explantation rate due to graft infection was detected. The majority of the cases were associated with Staphylococcus aureus. The aim of this study was to clarify whether this constitutes a nosocomial problem. Patients and methods. Between December 1998 and December 2014 a total of 490 prosthetic shunt grafts were implanted. After exclusion of 54 cases, 436 shunts remained for statistical analysis. Genetic analysis (spa typing) was acquired from three new cases with involvement of S. aureus in 2014. The impact of several factors (e.g. sex, institute for dialysis, age, type of prosthesis, implantation surgeon and position of shunt) on the shunt graft infection rate was statistically analyzed. Results. Of the prostheses 14.0 % (61 out of 436) had to be explanted of which 12.4 % (54/436) were due to infection. In 77.8 % (42/54) bacteria were found in blood and/or wound cultures. Staphylococcus aureus was present in 76.2 % (32/42) of the cases with detected bacteria and in all cases was sensitive to methicillin. The infection rate was not significantly dependent on any of the investigated factors; however, the factor "institute for dialysis" had a remarkable p-value of 0.060 with the infection rate ranging from 8.5 % to 18.2 % depending on the institution. Three different S. aureus protein A (spa) types were found: t015, t359, t6265. The detection of three different spa types means that these patients had different sources of S. aureus so that a nosocomial problem is very unlikely. Conclusion. Genetic typing of spa is a suitable technique for distinguishing between nosocomial and community acquired sources of prosthetic shunt graft infections. Table 2 ). None of the isolates were methicillin-resistant S. aureus (MRSA).
Patients and methods

Keywords
A total of 3 S. aureus strains from 2014 underwent spa typing. Three different types were found (worldwide frequency according to Ridom SpaServer): t015 (1.12 %), t359 (0.17 %) and t6265 (<0.01 %).
We investigated influencing factors (. Table 3 ) but did not find any to be significant. The "dialysis institute" factor had a remarkable p-value of 0.064. In one of them, the shunt graft explantation rate due to infection was 18.2 %, whereas it was 8.5 % and 9.6 % for the others.
Discussion and conclusion
The primary goal of our study was to clarify whether there is a nosocomial problem. Spa typing of 3 cases from 2014 revealed 3 different genetic types, so they must have arisen from different sources and therefore a nosocomial problem is very unlikely. Spa typing is a typing method with a very high discriminatory index of 0.87 comparable to repetitive sequence-based PCR (0.88) and multilocus sequence typing (0.84). It is better than pulsed-field gel electrophoresis (0.76) and staphylococcal cassette chromosome mec typing (0.60) [14] . Spa typing therefore seems to be a good way to discriminate between nosocomial and community-acquired shunt graft infections.
For the chronological course of shunt graft explantations (. Fig. 1) , an exponential curve can easily be adjusted which is typical for nearly every biological process. If our shunt graft infections were a problem caused by the primary operation, nearly all explantations should have occurred in the first year; therefore we assume that the shunt graft patients were S. aureus carriers and furthermore that every S. aureus carrier will experience shunt graft infections over time just as a matter of chance. This must be proven in a separate trial.
In hemodialysis patients, nasal carriage of S. aureus is a risk factor for the development of S. aureus bacteremia. Nasal mupirocin ointment can be used to successfully eradicate S. aureus from nasal carriage and is able to reduce the incidence of S. aureus bacteremia by 75.25 % [15] [16] [17] ; therefore we will implement nasal eradication of S. aureus as part of our standard procedures and monitor the results thoroughly. On the other hand, there were remarkable differences in shunt infection rates between the institutions which performed dialysis. We have contacted the institution with the unexpectedly high rate but have not yet found a reason for the difference. We assume different disinfection techniques to be responsible for that phenomenon but have not yet been able to prove it. In 22.2 % of our cases we did not detect any strain. This might be due to the fact that in cases of suspected infection, antibiotic treatment is induced immediately. Bacterial cultures from blood or the surgical wound might remain sterile if the time interval between induction of antibiotic treatment and surgery is long enough. Nevertheless, bacteria are still present in the biofilm of the prosthesis. In recent years we have therefore changed our strategy and always send a part of the prosthesis for microbiological investigation. We can recommend this technique most notably if the tissue around the prosthesis looks unsuspicious and antibiotic treatment has been started some days previously.
